Purpose The Korean National Cancer Screening Survey (KNCSS), a nationwide cross-sectional survey, has been conducted annually since 2004. The current study was conducted to report on the trends in screening rates among Korean men and women, and to evaluate policies regarding cancer screening programs implemented to reduce the burden of cancer.
Introduction
Cancer is the leading cause of death in Korea, where more than 73,757 people died of cancer in 2012 [1] . The cancer incidence rate for all cancer sites combined increased by 3.4% per year (1.6% in males, 5.4% in females) from 1999 to 2011 [2] . Cancer screening allows for early cancer detection, before appearance of symptoms, which usually results in better outcomes. Therefore, screening reduces cancer mortality, and in some cases, cancer incidence. In Korea, both organized and opportunistic cancer screening are available. The organized cancer screening program is provided by the government. Opportunistic cancer screening programs include a variety of options in terms of the items screened, intervals between screenings, and target cancer type depending on individual decisions or recommendations from health care providers.
In 1999, the Korean government established the National Cancer Screening Program (NCSP) to provide organized can- , the NCSP has provided Medical Aid recipients and NHI beneficiaries in the lower half of the income stratum with screenings for five types of cancer (i.e., stomach, liver, colorectal, breast, and cervix uteri). NHI beneficiaries in the upper 50% income stratum receive screening services for the same five types of cancer from the NHI Corporation; however, they pay 10% of the screening cost [3] [4] [5] [6] [7] . The NCSP utilizes nationally implemented protocols that define a target population, screening interval, and follow-up strategies (Table 1) . Here, we report the trends in overall screening rates associated with both the organized and opportunistic cancer screening programs among Korean men and women, and we evaluate policies on cancer screening programs implemented to reduce the burden of cancer.
Materials and Methods
The Korean National Cancer Screening Survey (KNCSS) data from 2004 to 2013 were used in the current study. The National Cancer Center has conducted the KNCSS annually since 2004 [8] . The KNCSS is a nationwide, population-based, cross-sectional survey. Stratified multistage, random sampling based on resident registration population data are collected according to geographical area, age, and sex. In the current study, the number of enumeration districts was designated in proportion to population size by sex, age, and geographical area, and the final study clusters were randomly selected. A total of 5 to 7 households in an urban area, and 10 to 12 households in a rural area were randomly chosen. The methods used for sampling were described in a previous study [9] .
According to the protocols of the NCSP (Table 1) , people older than 40 years of age are eligible to undergo gastric cancer screening; those older than 50 years of age are eligible to undergo colorectal cancer screening; women older than 40 years of age are eligible to undergo breast cancer screening; and women older than 30 years of age are eligible to undergo cervical cancer screening. Screening for liver cancer is restricted to individuals older than 40 years of age, in highrisk groups, such as patients who were carriers of hepatitis B virus or hepatitis C virus, or who have liver cirrhosis. Therefore, the target population in the current study comprised cancer-free men and women older than 40 and 30 years of age, respectively, in each year from 2004 to 2013.
In 2004, the data were collected using computer-assisted telephone interviews. From 2005 to 2013, the data were collected through face-to-face interviews conducted by a professional research agency. Subjects were recruited through door-to-door contact, and at least three attempts to contact each household were made. One person was selected from each household; if there was more than one eligible person in the household, the person whose date of birth was closest to the study date was selected. Informed consent was obtained from all study participants. The response rates ranged from 34.5% to 69.3% from 2005 to 2013.
Using a structured questionnaire, participants were asked about their experience with screening for five types of cancer (i.e., stomach, liver, colorectal, breast, and cervix uteri) and sociodemographic characteristics, including income level. In the case of an abnormality on the UGI, endoscopy is recommended, and a biopsy is performed when an abnormality is found during endoscopy, b)
Patients at high risk for liver cancer include those with chronic hepatitis determined by serological evidence of infection with hepatitis B or C virus or liver cirrhosis, c) In the case of an abnormality on FOBT, colonoscopy or a double-contrast barium enema is recommended, and a biopsy is performed when an abnormality is found during colonoscopy.
The distributions of the sociodemographic characteristics of the study respondents for each year are shown in Table 2 . The questions included "Have you ever undergone [cancer type] screening?" and "Which screening method have you experienced?" For the interval between screenings, the question was as follows: "When did you last undergo [cancer type] screening with this method?" To determine the reasons for undergoing or not undergoing screening, we asked "What are your primary reasons for undergoing screening or not undergoing screening?" Two types of cancer screening rates were measured in this study. "Lifetime screening" was defined as having ever undergone each type of screening test during his or her lifetime. The "screening rate with recommendation" category was assigned to participants who had undergone screening tests according to the procedure and interval of the NCSP (Table 1) . However, for colorectal screening, respondents who underwent colonoscopy, double-contrast barium enema (DCBE), or fecal occult blood test (FOBT) within 5, 5, or 1 year, respectively, before 2009, and within 10, 5, and 1 year, respectively, after 2009 were considered to have undergone screening with recommendation.
Changes in the annual screening rates for lifetime screening and screening rates with recommendation were calculated as the annual percentage change (APC) within a 95% The question related to residential area did not distinguish between urban and rural areas in 2004.
confidence interval (CI). The screening rates of each of the four cancers (stomach, colorectal, breast, and cervix uteri) were also calculated according to sex, age, and income. Because of an inadequate number of individuals within the high-risk group and unstable results that showed a wide 95% CI, the liver cancer screening rate was excluded from subgroup analysis. Monthly household income was subgrouped into three tertiles for each year. This study was approved by the National Cancer Center Institutional Review Board in Korea (approval number: NCCNCS-08-129).
Results
The lifetime screening rates and screening rates with recommendation increased from 2004 onward. From 2004 to 2013, the lifetime screening rates increased annually by 3.9% for gastric cancer, 1.8% for liver cancer, 5.0% for colorectal cancer, 3.4% for breast cancer, and 0.3% for cervical cancer (Table 3 ). Significant increasing trends were observed in the lifetime screening rates for gastric, colorectal, and breast cancer, but not for liver or cervical cancer. The screening rates with recommendation increased annually by 4.2% for gastric cancer, 1.2% for liver cancer, 3.0% for colorectal cancer, 3.7% for breast cancer, and 1.3% for cervical cancer from 2004 to 2013. Significant increasing trends were observed in the Screening rate with recommendation was defined as the proportion of respondents who fulfilled the screening recommendation criteria among the respondents in the targeted age group for the relevant cancer, Respondents were restricted to women ! 40 years of age who had last undergone screening with mammography within a period of 2 years, g)
Respondents were restricted to women ! 30 years of age who had last undergone screening with conventional cytology within a period of 2 years. screening rates with recommendation for all types of cancer. The trends and the APC of the screening rate differed according to the screening method used. The screening rate using upper endoscopy increased by more than 2-fold compared to that using an upper gastrointestinal series (4.2% and 1.7% per year, respectively). The colorectal cancer screening rate using FOBT or colonoscopy showed a more rapid increase than that using DCBE (2.7%, 2.2%, and 0.2% per year, respectively). Only the screening rate with recommendation using DCBE increased without statistical significance.
The screening rates according to sex, age, and income were calculated (Table 4 , Figs. 1-3) . In men, the screening rate with recommendation for stomach and colorectal cancer showed a steady increase (Fig. 1) . In women, increasing trends were observed for stomach, colorectal, and cervical cancer from 2004 onward. For breast cancer, despite an increase in the screening rate with recommendation until 2012, the screening rate decreased rapidly by 11.2% from 2012 to 2013. For stomach and colorectal cancer, the screening rates with recommendation increased in all age groups (Fig. 2) . In cases of breast cancer, an increasing tendency was observed before 2012, and the screening rate decreased from 2012 to 2013 in all age groups. The most rapid decrease in the screening rate with recommendation occurred for patients in their fifties with breast cancer in 2013 (18.3%). Although the screening rate with recommendation for cervical cancer in 2004 showed a significant difference according to age (highest rate, 70.5% vs. lowest rate, 27.9%), the screening rates by age group were similar in 2013. The screening rates for stomach and colorectal cancer increased steadily at all income levels, and differences in screening rates were smaller among all income groups than those in 2004 (Fig. 3) . Screening rates for breast cancer showed an increasing pattern from 2004 to 2012, followed by a decreasing pattern in all income groups. The screening rate for cervical cancer was lower in the lowincome group than in the middle-and high-income groups, whereas differences between groups showed a decrease.
Discussion
Both the lifetime screening rates and screening rates with recommendation for the five above- for early detection of cancer. Therefore, there is a need to undergo screening according to the recommended protocol. The screening rates with recommendation for gastric and breast cancer exceeded 70% in 2012, but those for breast cancer decreased to 59.7% in 2013. For breast cancer, the screening rate with recommendation increased by approximately 10% from 2011 to 2012, and declined by more than 10% from 2012 to 2013. In 2013, the screening rate with recommendation for breast cancer showed a trend similar to that in 2010 and 2011. The decreasing screening rates for breast cancer in all age groups appear to be the effect of broadcasted negative messages about breast cancer screening since 2012 in Korea. Also, in case of cervical cancer, the screening rate with recommendation for patients in their fifties decreased by 10.8% from 2012 to 2013. Therefore, continuous surveys and observations are needed to determine whether the decrease since 2012 will continue to be steady or is only a temporary decrease.
The trends of changes in cancer screening rates were analyzed by socio-demographic factors associated with cancer screening rate. The gaps of screening rates have recently decreased among age groups, and household income status in most of five cancers in NCSP. These trends suggested the positive effects in reducing the inequity regarding cancer screening by NCSP in Korea.
In the United States, the Guide to Community Preventive Services conducted and updated systematic reviews on the effectiveness of interventions to increase the screening rates for breast, cervical, and colorectal cancers [10, 11] . This group recommends interventions involving one-on-one client education, providing client reminders, making screening more accessible and easier, reducing out-of-pocket costs, and performing provider assessment and feedback. Client reminders, increasing community access to screening, reducing out-of-pocket costs, and performing provider assessment and feedback have already been implemented in the Korean NCSP. However, the introduction of group or one-on-one education to clients should also be considered in Korea. Previous studies conducted in Japan reported a very high correlation between cancer screening rates and sending personal invitation letters regarding the strategies used in Japan [12] . Sending personal invitation letters has already been implemented in the NCSP system.
In the United Kingdom, where nationwide organized cancer screening has been implemented, the National Health System (NHS) breast screening program provides mammographic breast screening every 3 years. The 3-year coverage for breast cancer screening was 73.4% for women aged 45 to 74 years who underwent mammography in 2010-2011 [13] . In the United States, based on the National Health Interview Survey, the breast cancer screening rate using mammography among women aged ! 40 years was 51.2%, 53.0%, and 51.0% in 2005, 2008 , and 2010, respectively [14] . Before 2005, the screening rate showed a slight decline of 3.4% from 2000 to 2005 [15] . The screening rates for breast cancer in Korean women in the same year were lower than those reported. In Japan, the screening rate for breast cancer was 14.2% in 2007, trending toward a gradual increase since the early 1990s [16] .
In the United Kingdom, the 5-year cervical cancer screening coverage using the Pap smear test was 79.0% for women aged 25 to 49 in 2011-2012. However, there was a small drop in the 5-year coverage for women aged 50 to 64 years from 78.0% between 2010 and 2011, to 77.8% between 2011 and 2012 [17] . Based on the National Health Interview Survey conducted in the United States, the screening rate for cervical cancer in American women aged ! 18 years, who reported having undergone a Pap test within the past 3 years, was 79.6%, 78.3%, and 76.4% in 2005, 2008 , and 2010, respectively [14] . The screening rate increased until 2000 and then fell. No changes in the absolute differences in the rates of cervical cancer screening according to education were observed [18] . The rates in the United Kingdom and United States were higher than those reported in the same year in Korea. In Japan, the screening rate for cervical cancer was 18.8% in 2007 [16] , lower than that reported in Korea.
In Korea, both the lifetime screening rate and the screening rate with recommendation for colorectal cancer have shown a steady increase since 2004. In addition, the screening rate for colorectal cancer using FOBT or colonoscopy showed a more rapid increase than that using DCBE. Based on the National Health Interview Survey conducted in the United States, the prevalence of recent screening with either FOBT or endoscopy was 43.1% in 2005, 50.2% in 2008, and 56.4% in 2010 [14, 19] . These rates are higher than those reported in the same year in Korea. In Korea, similar total colorectal cancer screening rates were reported for FOBT and colonoscopy, while in the United States a much higher screening rate was reported for colonoscopy than FOBT. In Japan, the screening rate for colorectal cancer was 18.8% in 2007, trending toward a gradual increase (APC, 0.5%) since the early 1990s [16] . These rates are lower than those reported in Korea.
The KNCSS conducted a 10-year nationwide survey in Korea and reported the screening rates for five types of cancer. However, this survey has some limitations. This study used self-reported data, which might have been affected by recall bias. However, many studies have reported high correlations between the rates derived from chart audits and patient surveys [20] [21] [22] . In addition, the response rate in this study ranged from 34.5% to 69.3%. Nonetheless, the results might have been affected by nonresponse bias. However, our response rate can be considered acceptable compared to other nationwide studies conducted in Korea, in which the response rates were greater than 50% [23, 24] . In the current study, we used stratified multistage, random sampling according to geographical area, age, and sex, but not considering the economic level distribution. Despite some limitations, this nationwide, annual, population-based survey has been conducted for 10 years since 2004. Therefore, the data were sufficiently representative for investigation of the changes of cancer screening rates. The Korean government implemented the 10-Year Plan for Cancer Control; the first term was conducted from 1996 to 2005, and the second term from 2006 to 2015 [25] . One of the goals of the second term of the 10-Year Plan for Cancer Control was achievement of a 70% cancer screening rate with recommendation. In the current study, the screening rate with recommendation for stomach cancer exceeded 70% after 2012, and the screening rate for cervical cancer was close to reaching that goal. However, the screening rates for liver, colorectal, and breast cancer were lower than that goal in 2013. Therefore, a greater effort is needed to increase Korean cancer screening rates.
Conclusion
The KNCSS is conducted for systematic collection, analysis, and interpretation of data regarding the planning, implementation, and evaluation of nationwide cancer screening policies in Korea. As a result of these efforts, the screening rates for five types of cancer have shown a steady increase since 2004, the gaps of cancer screening rates according to socio-demographic factors have decreased, and those for some types of cancer have reached the goal of the 10-Year Plan for Cancer Control.
